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The ability to discriminate 
red–green colours was thought 
to be unique among mammals to 
trichromatic primates [1,2], until 
recent microspectrophotometric 
studies revealed that marsupials 
also have the potential for 
trichromatic colour vision [3,4]. 
Functional colour vision cannot be 
inferred from physiological studies 
alone [5–8], however, a point of 
particular importance in this case 
as molecular analyses have failed 
to identify the third marsupial 
cone photoreceptor type [9]. 
Here we report that an Australian 
marsupial, the fat-tailed dunnart 
(Sminthopsis crassicaudata), 
has trichromatic colour vision 
that encompasses ultraviolet 
sensitivity.
We previously reported 
maximum spectral absorbances 
(λmax) of the cone photoreceptors 
in the fat-tailed dunnart at 363, 
509 and 535 nm, representing 
sensitivity to ultraviolet (UVS), 
medium (MWS) and long (LWS) 
wavelengths, respectively [3]. 
Although spectral absorbance 
characteristics were determined 
for the three cone types, only 
behavioural experiments 
can establish unequivocally 
their contribution to colour 
discrimination. 
We therefore investigated 
the dimensionality of colour 
vision in the fat-tailed dunnart 
using additive colour mixture 
experiments, where choice 
between a coloured light (training 
wavelength) and an additive 
mixture of two different coloured 
lights (primary wavelengths) is 
based on differences in chromatic 
content and occurs regardless 
of relative brightness [5–8] (see 
Supplemental Data available with 
this paper online for experimental 
procedures). Using the normalised 
absorbance data from our 
previous measurements, we 
constructed a colour triangle 
representing the colour space 
of the fat-tailed dunnart (Figure 
1A) and determining the training 
and primary wavelengths to be 
tested. We trained three dunnarts 
(two males and one female) to 
recognise training wavelengths 
and tested their choice against 
another coloured light of a 
different wavelength. To ensure 
that discrimination was based on chromatic cues, the intensity of 
the two stimuli was varied [5–8]. 
Once choice frequency exceeded 
80%, training wavelengths were 
tested against mixtures of two 
primary wavelengths, using an 
experimental set-up modified 
from Neumeyer [8] (Figure 1B). To 
assess discrimination between 
green, yellow and orange coloured 
lights, the dunnarts were trained 
on wavelengths of 535, 555 and 
565 nm, and their choice tested 
against additive mixtures of 525 
and 580 nm.*
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Figure 1. Three cone types contribute to the colour vision of the fat-tailed dunnart. 
(A) Colour triangle characterising the trichromatic system of the fat-tailed dunnart. 
The triangle was calculated from normalised cone spectral absorbances measured 
by microspectrophotometry and shows spectral loci of training wavelengths, primary 
wavelengths and tungsten-‘white’ light (TW: UV = 0.11; MWS = 0.43; LWS = 0.44). 
The coordinates of the apices are 0,1,0,0 (UV), 0,0,1,0 (MWS) and 0,0,0,1 (LWS). The 
colour space of the dunnart is delimited by wavelengths of 350, 450 and 620 nm, with 
tungsten-‘white’ light located inside the area. Trichromacy is established by matches 
between: 1) tungsten-‘white’ and a mixture of 360 + 525 nm, and between 525 nm and a 
mixture of 450 and 620 nm; and 2) tungsten-‘white’ and a mixture of 410 + 620 nm, and 
between 410 nm and a mixture of 360 and 450 nm. (B) Testing apparatus modified from 
Neumeyer [8]: distance from decision area to light stimuli = 50 cm, distance between 
light stimuli = 10 cm, light stimuli diameter = 2.5 cm, angular subtense of stimuli at 
decision area ~11 degrees. Training wavelengths and primary mixture wavelengths 
were presented randomly using a motorised foot pedal.
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Trials
Training wavelength (nm)  
or training ‘white’ light Primary mixture (nm)
Matching primary 
mixture ratios
1 535 525 + 580 80%(525):20%(580)
2 555 525 + 580 40%(525):60%(580)
3 565 525 + 580 30%(525):70%(580)
4 580 525 + 620 50%(525):50%(620)
5a tungsten-‘white’ 360 + 525 20%(360):80%(525)
5b 525 450 + 620 60%(450):40%(620)
6a tungsten-‘white’ 410 + 620 30%(410):70%(620)
6b 410 360 + 450 80%(360):20%(450)
Results of additive colour mixture trials selected from the colour triangle of the fat-
tailed dunnart, showing ratios at which primary mixtures match training wavelengths 
or tungsten-‘white’ light. For the eight trials, each ratio of primary mixture was tested 
ten times. Depending on the mixture ratio at which matching occurred, the dunnarts 
undertook 50–100 experimental sessions per trial. As no significant differences were 
found between the performances of the three dunnarts (P > 0.05), results for each trial 
were pooled (n = 30). For a critical value of 0.5 (or 50%), the p-value obtained from the 
Binomial Distribution Table (p < 0.05), indicated a significant difference between per-
formance due to chance, and that due to discrimination.Discrimination towards the 
red region of the spectrum 
was assessed with 580 nm as 
training wavelength and 525 and 
620 nm as mixed primaries. The 
three dunnarts discriminated 
all training wavelengths with 
80–100% accuracy until they were 
matched by primary mixtures, 
at which choice frequency 
decreased to 50% (Table 1). For 
the training wavelengths 535, 
555 and 565 nm, the dunnarts 
could no longer differentiate the 
two test fields at mixture ratios 
of 80:20%, 40:60% and 30:70% 
of 525 and 580 nm, respectively. 
A match was found at 50:50% of 
525 and 620 nm when dunnarts 
were trained on 580 nm. Their 
ability to discriminate between 
various wavelengths ranging from 
525–620 nm provided an initial 
indication of trichromacy.
Following the rationale that 
where three cone signals 
contribute to colour vision, 
any spectral stimulus can be 
matched with a specific mixture 
of three primary wavelengths 
[5,6,8], we further assessed 
trichromacy by investigating a 
match between tungsten-“white” 
light and a mixture of 360, 
450 and 620 nm; wavelengths 
defining the dunnart colour space 
(Figure 1B, and see Table S1 in 
Supplemental Data). 
We adopted a two-step process 
to reduce trial time associated 
with multiple mixtures. We first 
determined the spectral locus (position) of tungsten-‘white’ light 
within the colour triangle and 
established intermediate primary 
wavelengths, which when mixed 
with the shortest and longest 
wavelengths, namely 360 and 
620 nm, generate a shift towards 
tungsten-‘white’ light. 
The second step consisted of 
assessing a match between the 
derived intermediate wavelengths 
against the remaining two 
primaries. Our results revealed 
that 525 and 410 nm would match 
tungsten-‘white’ light when mixed 
with 360 and 620 nm respectively. 
We subsequently tested the two 
decisive equations, after training 
the dunnarts on tungsten-‘white’ 
light: 
(1)  a + d = tungsten-‘white’, 
b + c = d, then a + b + c = 
tungsten-‘white’ 
(2)  e + c = tungsten-‘white’, 
a + b = e, then a + b + c = 
tungsten-‘white’,
 where a = 360 nm, b = 450 nm, c = 
620 nm, d = 525 nm, e = 410 nm
Trichromacy was confirmed 
by a match between tungsten-
‘white’ and a mixture of 360 and 
525 nm (20:80% respectively), and 
between 525 nm and a mixture of 
450 and 620 nm (60:40%), as well 
as by a match between tungsten-
‘white’ and a mixture of 410 and 
620 nm (30:70%) and between  
410 nm and a mixture of 360 and 
450 nm (80:20%, Table 1). We conclude that the fat-
tailed dunnart has functional 
trichromacy, as suggested by our 
previous findings [3], but that it 
differs from that of primates with 
the contribution of a UVS cone. 
As our findings contrast with 
those for the tammar wallaby, 
reported to be dichromatic [10], 
subsequent behavioural studies 
with a wider range of species will 
determine whether trichromacy 
is the general colour system of 
Australian marsupials.
Supplemental Data
Supplemental data including 
experimental procedures and a 
supplemental table are available at 
http://www.current-biology.com/cgi/
content/full/16/6/R193/DC1/
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